Seven samples of Agriophyllum squarrosum seeds were obtained from Minqin County Gansu province, China. These seeds were prepared for tetrazolium testing through three approaches, namely, keeping the seed intact, piercing the centre of the seed and cutting through the basal half of the seed longitudinally. Viability was also assessed through a germination test. Prior to piercing or cutting, the seed should be pre-moistened in 20°C water for at least 24 hours. Intact seeds were unsuitable for tetrazolium testing because most of them remained unstained after 30 hours in the tetrazolium solution. Piercing or cutting the seeds to expose the embryo required a similar optimum staining time (10 hours) and resulted in a similar staining effect and viability percentage. Nonetheless, piercing was recommended as the optimum tissue exposure method over cutting because the latter is time-consuming and may cause damage to the embryo. All seven seed samples exhibited high viability (97.8-99.8%). Four samples displayed similarly high germination (93.3-98.8%), whereas the germination of the other three seed samples was significantly different (89.8-50.0%) to the viabilities recorded (P < 0.05, N = 4). An optimum tetrazolium testing procedure for A. squarrosum seeds is proposed.
. Seed germination percentages are significantly low at constant temperatures but high at moderate alternative temperature in the dark. Seeds are dormant and the dormancy of the seeds changes over time during dry storage or while buried in soil (Wang et al., 1998; Li et al., 2006; Zeng, unpublished data) .
Samples of A. squarrosum seeds were sent to laboratories to test their viability. Unfortunately, many of these samples failed to germinate under the germination test conditions prescribed in the rules for Quality Grading and Testing for Main Sandy Forage Seed (GAQSIQPRC, 2010) . Moreover, the embryos were very flaccid and their colours varied after staining according to the rules for Grading and Testing of Agriophyllum squarrosum (L.) Moq. Seed (AQTSIMAR, 2001) . The application of both 1% tetrazolium solution and scarification prior to staining significantly reduced staining time (Wang et al., 2012) . However, in the newly conducted work, the seeds were pre-moistened in 20°C water for only 12 hours and the 'permitted non-viable tissue' for viable seed was not mentioned. As a result, the seeds disintegrated easily and seed viability could not be estimated accurately. Given the uncertain viability results or 'poor germination percentage', seed transactions were suspended.
The seed coats of A. squarrosum are water permeable. To rapidly and accurately estimate the viability of the seed, we propose two methods of seed pre-preparation, namely, cutting or piercing, prior to tetrazolium solution staining. The present study determines the appropriate method and tetrazolium testing procedure to verify the viability of A. squarrosum seeds.
Seven samples of A. squarrosum seeds were obtained from Minqin County (geographical location and natural conditions detailed in Zeng et al., 2009 Zeng et al., , 2010 Zeng et al., and 2014 in Gansu Province, China. All of the seed samples were stored in a seed-storage chamber at temperatures ranging from 0 to 5°C. Their thousand-seed weights were then measured according to the methods prescribed by the International Seed Testing Association (ISTA, 1999) . The sample number, production year, seed age and thousand-seed weight of tested seeds are presented in table 1. The proportion of viable seeds was determined using the optimum tetrazolium method found in this study. Means of thousand-seed weight in the same column that are followed by different lowercase letters are significantly different statistically (P < 0.05, N = 8). Viability and germination percentages in the same row without the same lowercase letters indicate statistically significant differences (P < 0.05, N = 4).
Seed pre-moistening: Seeds were fully immersed in 20°C water which was changed every 12 hours. The suitability of several seeds for either piercing or cutting was then checked. When seeds were less fragile and could be readily punctured or cut, soaking time was recorded. The seeds were then removed for pre-preparation prior to staining.
Tissue exposure: A. squarrosum seeds are disc-shaped and the centre of the peripheral dicotyledonous embryo contains a small amount of endosperm. Thus, piercing the seed through their centers and cutting through their basal halves longitudinally was considered (i.e. the gap between the radical tips and the cotyledons). Int act, pre-moistened seeds acted as a control. The piercing and cutting processes were time-consuming and so the effects of exposure method were only tested for samples 1 and 2. Once the optimum method of tis sue exposure was determined, the viabilities of the five other seed samples were estimated using the optimum method. During tissue exposure, all of the seeds were kept moist in water. After four replications of each treatment had been prepared, the seeds were submerged in 1% 2, 3, 5-triphyenyl tetrazolium chloride solution.
All of the groups of staining replicates were incubated at 30°C in the dark. During staining, seeds were examined at 2-hour intervals for 14 hours. Once most of the seeds were completely stained and had turned red, the staining time was recorded. For three of the replicates, the solutions were then decanted and the seeds rinsed with water. The remaining replicate in each group was continually stained for 28-30 hours to determine the changes in the staining patterns.
The rinsed seeds were placed onto moist filter paper for regular viability evaluation. To evaluate the seeds properly, stain patterns were examined under an optical microscope, and the embryos were exposed further as necessary. The maximum area permitted for viable seeds was one third of the radical tip and/or one third of the distal area of cotyledons for unstained, flaccid or necrotic tissues. Non-viable seeds consisted of incompletely stained embryos, embryos with unstained tissue exceeding one third of the radical tip and/or one third of the distal area of the cotyledons, unstained intermediate embryos, and embryos whose essential structures were deficient.
Once the optimum staining time for the optimum tissue exposure method was determined, the viabilities of the seven seed samples were estimated based on the optimum staining time.
Four replicates were generated for 100 seeds of each sample. These replicates were incubated at 20/30°C in the dark with 12 hours at each temperature. They were placed in 115 mm-square plastic boxes on three layers of filter paper that were moistened with 16 ml distilled water. After adding water and the seeds, all boxes were immediately wrapped in aluminium foil. Germination was examined and counted 14, 21 and 28 days after the start of incubation. The results of the germination test of the four 100-seed replicates were averaged and expressed as percentages.
The experimental data (without transformation) were analysed using SSPS 11.5 for Windows (SPSS Inc., Chicago, USA) through one-way ANOVA. When the data met the assumptions of the analysis the means were then compared at 5% probability level using the Duncan post-hoc test.
From the results of this experiment, the appropriate pre-moistening time of the seeds for piercing and cutting was determined to be 24 hours. Prior to this period, the seeds disintegrated easily during piercing or cutting.
Piercing the center of the seed with a sharp needle was the best way to expose the embryos to tetrazolium solution. This method was simpler than longitudinal cutting through the basal half of the seeds and it seldom damaged the embryos because the pierced area consisted of endosperm. The cutting method was time-consuming because the gap between the radical tips and the cotyledons had to be located. Either the radical or the cotyledon tip and the embryo itself were prone to damage as a result of carelessness.
After 12 hours of staining, only 2 and 6% of the embryos of intact seeds of samples 1 and 2, respectively, were stained at the tip. After staining for 30 hours, 11 and 33% of the embryos were partly stained, whereas 88 and 64% of the seeds remained completely unstained. The intact seeds were lightly stained and displayed varied staining patterns ( figure 1a-c ). An optimum staining time was not determined with respect to intact seeds. 
After 10 hours staining, 99% of the embryos of pierced seeds of both samples 1 and 2 were completely stained and only one seed was either partly or completely unstained. In the same time period, 97 and 98% of the cut seeds of samples 1 and 2, respectively, were completely stained. The remaining embryos were partly stained. In both treatments, the embryos turned red and were uniformly stained after 10 hours of staining ( figure 1d, g ). After staining for 20 to 28 hours, the stained embryos turned dark red ( figure 1e-f, h-i) . Hence, the optimum staining time for both tissue exposure methods was 10 hours.
Seed viability was strictly evaluated according to the criterion given above. The pierced and cut sample-1 and sample-2 seeds were highly viable and the results of the two treatments were not significantly different (P > 0.05, N = 3). Overall, 99.2-99.9% of the seeds were viable. However, the viability percentage determined using intact seeds was significantly lower (P < 0.05, N = 3). Overall, 1.3-3.8% of the intact seeds were evaluated as viable (table 2). Seeds were left intact and evaluated after 30 hours staining with 1% tetrazolium solution or pre-prepared by piercing or cutting seeds and evaluated after 10 hours staining. Results in the same column with the same letter or in a column with no letter were not significantly different (P < 0.05, N = 3). *1 indicates completely stained; 2 indicates unstained tissue comprising less than one third of the radical and/or one third of the distal areas of cotyledons; 3 indicates completely unstained; 4 indicates unstained tissue greater than one third of the radical and/or one third of the distal areas of cotyledons, the intermediate embryo was unstained, and/or its essential structure was deficient.
Five other samples were highly viable. Among the seven tested samples, the germination of five samples were high, whereas those of the remaining two samples were low. In particular, the germination of samples 1, 2 and 4 were significantly lower than the proportion recorded as viable (P < 0.05, N = 4) (table 1).
A. squarrosum seeds are water permeable but very fragile. As observed in a previous experiment, the minimum ratio of water uptake required for seed germination is 35.7% of dry seed weight. To obtain this water level, the seeds must be immersed in 20°C water for at least 24 hours (Zeng, unpublished data) . In the present study, the appropriate premoistening time of the seeds for tissue exposure was 24 hours.
Based on the staining effects obtained in this experiment, the seed coat of A. squarrosum was not fully permeable by tetrazolium chloride because most of the intact seeds remained either completely or partly unstained. Thus, intact seeds cannot be used to estimate seed viability using the topographical tetrazolium test. The piercing and cutting methods displayed similar staining effects, optimum staining time and viability percentages. However, piercing was considered the optimum method because cutting is time-consuming and may damage the embryos.
In the present study, the seven samples of A. squarrosum seeds were highly viable. These seed samples were 1-5 years old. Thus, A. squarrosum seeds possess good storage capacity. Among these seed samples, four did not differ significantly in terms of viability and germination percentages. However, three samples displayed germination percentages that were significantly lower than their viability percentages. Hence, the seed germination test only estimates the viabilities of active seeds. To quickly estimate the general viability of A. squarrosum seeds, especially of dormant seeds, we should consider a topographical tetrazolium test with a carefully designed standard procedure.
To conclude, based upon the results and discussion of this study, the optimum procedure for tetrazolium testing of seed viability for A. squarrosum should be:
-Pre-moistening seeds at 20°C i n water for a minimum time of 24 hours followed by piercing in the centre.
-Staining at 30°C in the dark in a 1% tetrazolium solution; optimum staining time is approximately 10 hours.
-When preparing the stained embryos for evaluation, the observed tissue is the external embryo surface. The maximum area of unstained, flaccid or necrotic tissues permitted for viable seed is one third of the radical tip and/or one third of the distal area of the cotyledons.
